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Experiment on structure of premixed flame in annular combustor
using OH-PLIF

WANG Zhonghua, TANG Qiang, ZHANG Li,
YANG Zhongqing, ZHANG Tengfei

(Key Laboratory of Low-grade Energy Utilization Technologies and Systems.,
Ministry of Education, School of Energy and Power Engineering,
Chonggqing University, Chongqing 400044, China)

Abstract: In view of the combustion characteristics of a micro gas turbine annular com-
bustor, a planar laser induced fluorescence (PLIF) technique was used to investigate the
effects of Reynolds number and equivalent ratio on the structural parameters of a methane/
air premixed turbulent flame in the annular combustor. Results showed that the OH radical
concentration distribution exhibited a ring structure with flame lift and bifurcation phenome-
na. The instantaneous and average images of OH-PLIF revealed that the flame had the com-
mon characteristics of turbulent flow and laminar premixed structure. The quantitative anal-
ysis of the characteristic parameters of flame structure showed that when the Reynolds num-
ber increased, the flame premixed conical structure was stretched and the interaction be-
tween jets was promoted. The conda effect made the inner flame bend towards the inner wall

and the flame angle increase. Proper adjustment of the equivalent ratio of premixed flame is
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2017. WANG Zhonghua, TANG Qiang,ZHANG Li,et al. Experiment on structure of premixed flame in annular combus-
tor using OH-PLIF[J]. Journal of Aerospace Power,2019,34(9):2010-2017.
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beneficial to the stability of flame structure.
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micro gas turbine; annular combustion chamber;

OH planar laser induced fluorescence(OH-PLIF) ; premixed turbulent flame;

flame structure
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Fig. 3 CCD image of methane premixed flame in annular combustor
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Fig. 4 Instantaneous image of methane premixed flame OH-PLIF in annular combustor

PR LA B AR 8 B AN A R P BSOS 8 0 W 11 Ak T3
T B Bl BEOR T A AR 48 1 A2 6 B KO 1Y
R B8 O A5 T B 2 ] E Y K TR A i
T PR SN AR Y RO BB 25 (8] AR - K B
FERE K

51E 4 HHR SE 5 25 F R . i1 200 5K B I A1 &
A E A H e WU it 3 M OH-PLIF - 2 4]
BB S B O Ak i IR A B L BE I i
UL JOHE B T A2 B R AR IR O AT — i 1Y BE AL
P 22 9k Bk B AR B o I 1 2 10 A B i m] A5 3

Fluoresent intensity Fluoresent intensity Fluoresent intensity
250 1250 2250 3250 250 1250 2250 3250 200 700 1200 1700 2200

(a) 9=0.7, Re=950 (b) 9=0.7, Re=1350 (¢) p=0.5, Re=1350

K5 BB % B e TR K OH-PLIF 2 &%

Fig.5 Average image of methane premixed flame OH-PLIF in annular combustor



2014 A |

DA LRI

R TR A DX R 1 B, L e K A S
1853 BT F 40 X B 7E A 52 56 P9 9 O 3 S L Ry
200~500,

& 5 Ca) R AT AL % = OH 3L 43 1 B 1
TAGER LN I G548 Fo A F 8 43 A i v
(4 OH 3454 X AR B 3% 32, 1 47 F A 95 A4 s 1
TREE T BURHETE K45 H . B 5 () 25 R, &
VB K KON e AR 5 v KL 78 A K ARtk
OH 3k & e B2 X I ] i 4% 8l Bk be £ OH 3k 43
AT T 3% S 00 ST S5 40 . i O R B B 2 O
H AT S (M EL M 3h B A L TR B 1 AL B &
R ARSI SARAE Y B F R 38 2B 0] SME
R IX . FeZfdi1 OH 4010 TR AR B % B
JIRTE K

P 5 (o) 45 SR 2 W, 5 3 HI0M ), 24 6 L/
Bk be s o OH QR $5 35T KM 25 /L ¢ 11 Ak
THUIE £ T2 KM 25 4 B A, OH 3k 43 A3 X3 K ¢
S5 R U/ O TET T R AR R N . R
B2 IE I KOHE — T A 2 O (R U
A - KOE AR T I AN IE 2 T EUR RIS K E A
HE ot Ve B 7 BIORT 38 3 14 A/ 8 K M K B AR KL fHL
TR IS I IX. 388 A 455 e FR A A4 0N
2.3 HHMRENBEHHFTESH

WK 6 JF 7 o B W8 1AL (4 43 UK 45 R P90
FANE » 78 SR S5 F4 FRAE S 50, Ok S i i 5

JHGHEAE LA . e Lo ALy 20 5o A
HME R A s G AE [ JA B SE AR REE 50
NG B RSB R 1 B KO TR AR 1 B
SRR s L O KO I B 5% 26 e R Y B
B RN B F oy f SHI0EZK L1
10 AR S BB T KO AE B 5 A RS T R 5
0 PN HME 5% 2k Z 18] 1 5K A T T s KO 73 X
WL LS.

P 7 o2 KO AR R 2 SR 7 A O AR i 4

Chord l\ine
N
N

Middle camber line

%
Outer flame]

/
Inner flame

K 6 OH-PLIF 75 & B M kM 254

Fig. 6 OH-PLIF schematic diagram and flame structure

of f 0 A e
28t 3 '\\\T”\ gl YN L 0=07
x \ 8 —— =08
£ 261 g 30 N\ = .
£ E: £ 6 N\
~T 24+ ' : <
V'
0t 24 4
w0t . 21 , . 20
800 1200 1600 2000 800 1200 1600 2000 800 1200 1600 2000
Re Re Re
(a) (b) ©
=05 55 = ¢=05 26[ =05
10 + ——0=0.6 —0=0.6 L ——0=0.6
\ \ —— =07 S0F 2:0,7 24 —— =07
st VA~ 08 45) —0=08 ;(2) [~ =08
g V \ > I [
g ¢l \,)\ S = & 13)
=7 \\ 351 / ) 16+
41 /\\\/ 3017 Al 14}
2t ) ) ) . ) 251 ) ) ) ) ) 12 + ) ) ) ) )
800 1200 1600 2000 800 1200 1600 2000 800 1200 1600 2000
Re Re Re
(d (e ()
SV SR LR 3 S R A h A
Fig. 7 Effect of Reynolds number on characteristics of flame structure



oMW

FpAedE T OH-PLIF £R 1 3R 44 b 2 UE KO 4540 5286

2015

B B @ J G L0 b AR5 L A G R
BEo i 7 Ca) T, A e K B BE R R 3
TS0 A A 0 Y AR R T U B S AR
HE A FE T R A 45 K8 1 45 1T 1) S 1 T Ui A
fifr, L7 (b)WY AN I A B Bl R T RO
W B TCORME 7D R T NAME R T AR
Y T R A BT R B N G R N 5 7 I 2
A2 i UL 5 B R I R . B B R Vs B 1
KIGARAFIE K AL T B T /N o KA S A AN
R A R L L QR T SR AR B RD T
BT N R BR B B N X R E T B R . 5K
g BRI EO R BRI OB B B
SR AR E T o AEUAR HE AN S IR AR B R O
IR b 5 1 T8 KA HE AR BRI o B

B 7CoME 7D FR T B KA K f A
SN B AR T 25 R B BB A A . YT A
HEOEE s 9 AME Z R sk A d R B R, A
TRAT I K7 A2 T 28 WA A S 45 9 A0 4 1 R
P8 DX SR AE A L[] M KO A B RO
DX IRAL A S AR 2R B IR T RSN 1 1R e ik
FEE 255 . 38 3 AR AT N, e M e B
JUT IS W 1 B SR KA R J56 X ok B, R 4 70N s (ELAIN A 11
8 4 DX R BE AR AR T 4R /N RO AR . SRR A
BRI WA BE B 6 A A G 25 R I A 3
KN SZ 1o 78I U 19 A5 WA T R0 R % 1 52

UTREENEEE PNl ) E B S QAR (o 15 R BN
ABE T AR L 3 7 1) o B (A ) AR SR
T O 30 ) B G PRy B IR AL o 24 S8 I Al ok P B B
TE PR o R T8 280 10 7% 3 FCABRY o fo A MR 1 8 T 45 4
R T BT RLON KO T8 R AR A (EL T
T HME T HE i AN R AD BE T B T A4 36 ) AR H
T AR X 7 R 0 O 5K A AR X TR

P 8 718 e I S R X R P AR TR Y 4
Ao P 8 MIEL 8 () 735 g P MG K BE 1 742 4k
FaF BT A 2 B 0.6 BT BT W
B 255 LG B384 0 O B AR B A 9 B A X T
AR B e G L TR A T O B T LA
P AME 9 A B 25 1R L 2 A JF IR A S A
S A AR NGB K

Bl 8 (o) rb P s 58 BE 722 Al B 22 i LU (A3
HAE A B 0. 6 Z R K ., Z )5 5k A
PREFAE . [ 8Cd) 1 41 e 58 FE AL AL MU 5 LA
MR AR A KRR o ARG 24 2 bR 3 i (3
TE 4 0.6 ~0. 8 JWHI N, Ho # A 7= A4 1 $5
SERWsl . BEA 5 LA $R R ORI
PRCENSME BRI » X O S A B Gk 55 S — FE
AT B AR B 5 HICER AR R X KO T R K Y
HE AN SR AR HAME M AR E . R
45 R R IR IE R & KB ZE A A 2
0.6 ZAF T RILBAF - i B8 MR O 58 B2 5 o » KK

307 u 34+ . —=— Re=1200 101
28l A P oa * Re=1250 9r .y 'ﬁ;?‘_‘,t,t“"'
B R\ Y .+ Re=1300 gl T
26+ (R '\ y \\ 4 \ v Re=1350 71 L}/—;’—'/ .
g N\ g 301 > \ -+ Re=1400 g
£ 24y e N £ \ £ 6f e Re=1200
~ 2l - 4t eA L =5t - Re=1250
| /{J/—=Re=1200 ~ Re=1350 26t Ny 4r /) 4 Re=1300
200 /77 Re=1250 + Re=1400 TN 3t /) v Re=1350
18+ + Re=1300 24+ oL 44 + Re=1400
045 055 065 075 085 045 055 065 075 085 045 055 065 075 085
® ® ®
(a) (b) ©
9t \ . 40t p —=— Re=1200
sl \ / V2N 27 * Re=1250
Tr 35+ > '//o T~ 0N 20 4+~ Re=1300
6 xe W Y, //
E 510 LY 6:/ 307 ‘\; u v g\‘Q 18
N = Re=1200 | S 55| \\ A// —=Re1200| ¢
y + Re=1250 W A/~ Re=1250
31 + Re=1300 20l + Re=1300 14l
2t v Re=1350 b v Re=1350 v Re=1350
1k * Re=1400 151¢ * Re=1400 12 ¢ * Re=1400
045 055 065 075 085 045 055 065 075 085 045 055 065 075 085
¢ ¢ ®
(d) (O] ()

P8 M S R AR 2 BB 24 i AR AL B R

Fig. 8 Effect of equivalence ratio on characteristics of flame structure
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